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as  an  official  Department  of  the  Army  position  unless 
so  designated  by  other  authorized  documents. 


INSTRUCTIONS  FOR  PREPARATION  OF  REPORT  DOCUMENTATION  PAGE 

GENERAL  INFORMATION 

The  accuracy  and  completeness  of  all  information  provided  in  the  DD  Form  1473,  especially  classification  and 
distribution  limitation  markings,  are  the  responsibility  of  the  authoring  or  monitoring  DoD  activity 

Because  the  data  input  on  this  form  will  be  what  others  will  retrieve  from  DTIC's  bibliographic  data  base  or  may 
determine  how  the  document  can  be  accessed  by  future  users,  care  should  be  taken  to  have  the  form  completed  by 
knowledgeable  personnel.  For  better  communication  and  to  facilitate  more  complete  and  accurate  input  from  the 
originators  of  the  form  to  those  processing  the  data,  space  has  been  provided  in  Block  22  for  the  name,  telephone 
number,  and  office  symbol  of  the  DoD  person  responsible  for  the  input  cited  on  the  form. 

All  information  on  the  DD  Form  1473  should  be  typed. 

Only  information  appearing  on  or  in  the  report,  or  applying  specifically  to  the  report  in  hand,  should  be  reported. 
If  there  is  any  doubt,  the  block  should  be  left  blank. 

Some  of  the  information  on  the  forms  (e  g.,  title,  abstract)  will  be  machine  indexed.  The  terminology  used  should 
describe  the  content  of  the  report  or  identify  it  as  precisely  as  possible  for  future  identification  and  retrieval. 

NOTE:  Unclassified  abstracts  and  titles  describing  classified  documents  may  appear  separately  from  the  documents 
jn  an  unclassified  context,  e.q.,  in  DTIC  announcement  bulletins  and  bibliographies.  This  must  be  considered 
in  the  preparation  and  marking  of  unclassified  abstracts  and  titles. 

The  Defense  Technical  Information  Center  (DTIC)  is  ready  to  offer  assistance  to  anyone  who  needs  and  requests  it. 

Call  Data  Base  Input  Division,  Autovon  284-7044  or  Commercial  (202)274-7044 

SECURITY  CLASSIFICATION  OF  THE  FORM 

In  accordance  with  DoD  5200. 1-R,  Information  Security  Program  Regulation,  Chapter  IV  Section  2,  paragraph  4-200, 
classification  markings  are  to  be  stamped,  printed,  or  written  at  the  top  and  bottom  of  the  form  in  capitaf  letters  that 
are  larger  than  those  used  in  the  text  of  the  document.  See  also  DoD  5220.22-M,  Industrial  Security  Manual  for 
Safeguarding  Classified  Information,  Section  II,  paragraph  1 1a(2).  This  form  should  be  unclassified,  if  possible. 


SPECIFIC  BLOCKS 


Block  la.  Report  Security  Classification:  Designate  the  highest 
security  classification  of  the  report  (See  DoD  5220  1  -R,  Chapters  I,  IV. 
VII,  XI,  Appendix  A  ) 


Block  lb  Restricted  Marking:  Enter  the  restricted  marking  or 
warning  notice  of  the  report  (e  g.,  CNWDI,  RD,  NATO) 


Block  2a  Security  Classification  Authority:  Enter  the 
commonly  used  markings  in  accordance  with  DoD  5200  1-R,  Chapter 
IV,  Section  4,  paragraph  4-400  and  4-402  Indicate  classification 
authority 


Block  2b.  Declassification  /  Downgrading  Schedule:  Indicate 
specific  date  or  event  for  declassification  or  the  notation, 
"Originating  Agency  Determination  Required"  or  "OADR."  Also 
insert  (when  applicable)  downgrade  to 

on  _  (e  g  ,  Downgrade  to  Confidential  on  6  July 

1981T  (See  also  DoD  5220  22-M,  Industrial  Security  Manual  for 
Safeguarding  Classified  Information,  Appendix  II.)/ 

i 

NOTE:  Entry  must  be  made  in  Blocks  2a  and  2b  except  when  the 
original  report  is  unclassified  and  has  never  been  upgraded. 


Block  3.  Distribution/Availability  Statement  of  Report:  Insert  the 
statement  as  it  appears  on  the  report.  If  a  limited  distribution 
statement  is  used,  the  reason  must  be  one  of  those  given  by  DoD 
Directive  5200  20,  Distribution  Statements  on  Technical  Documents, 
as  supplemented  by  the  18  OCT  1983  SECDEF  Memo.  "Control  of 
Unclassified  Technology  with  Military  Application  "  The  Distribution 
Statement  should  provide  for  the  broadest  distribution  possible 
within  limits  of  security  and  controlling  office  limitations. 


Block  4  Performing  Organization  Report  Number(s):  Enter  the 
unique  alphanumeric  report  number(s)  assigned  by  the  organization 
originating  or  generating  the  report  from  its  research  and  whose 
name  appears  in  Block  6  These  numbers  should  be  in  accordance 
with  ANSI  STO  239  23-74,  "American  National  Standard  Technical 
Report  Number."  If  the  Performing  Organization  is  also  the 
Monitoring  Agency,  enter  the  report  number  in  Block  4 


Block  5  Monitoring  Organization  Report  Number(s):  Enter 
the  unique  alphanumeric  report  number(s)  assigned  by  the 
Monitoring  Agency  This  should  be  a  number  assigned  by  a  DoD 
or  other  government  agency  and  should  be  in  accordance  with 
ANSI  STD  239  23-74  If  the  Monitoring  Agency  is  the  same  as  the 
Performing  Organization,  enter  the  report  number  in  Block  4  and 
leave  Block  5  blank 

Block  6a  Name  of  Performing  Organization:  For  in-house 
reports,  enter  the  name  of  the  performing  activity  For  reports 
prepared  under  contract  or  grant,  enter  the  contractor  or  the 
grantee  who  generated  the  report  and  identify  the  appropriate 
corporate  division,  school,  laboratory,  etc  ,  of  the  author 

Block  6b.  Office  Symbol:  Enter  the  office  symbol  of  the 
Performing  Organization 

Block  6c.  Address:  Enter  the  address  of  the  Performing 
Organization  List  city,  state,  and  ZIP  code 

Block  7a  Name  of  Monitoring  Organization:  This  is  the 
agency  responsible  for  administering  or  monitoring  a  project, 
contract,  or  grant  If  the  monitor  is  also  the  Performing 
Organization,  leave  Block  7a  blank  In  the  case  of  / oint 
sponsorship,  the  Monitoring  Organization  is  determined  by 
advance  agreement  It  can  be  either  an  office,  a  group,  or  a 
committee  representing  more  than  one  activity,  service,  or 
agency. 

Block  7b  Address:  Enter  the  address  of  the  Monitoring 
Organization  Include  city,  state,  and  ZIP  code 

Block  8a  Name  of  Funding/Sponsoring  Organization 
Enter  the  full  official  name  of  the  organization  under  whose 
immediate  funding  the  document  was  generated,  whether  the 
work  was  done  m-house  or  by  contract  If  the  Monitoring 
Organization  is  the  same  as  the  Funding  Organization,  leave  8a 
blank 

Block  8b  Office  Symbol:  Enter  the  office  symbol  of  the 
Funding/Sponsoring  Organization 

Block  Be  Address:  Enter  the  address  of  the  Funding/ 
Sponsoring  Organization  Include  city,  state  and  ZIP  code 
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The  accuracy  and  completeness  of  all  information  provided  in  the  DD  Form  1473,  especially  classification  and 
distribution  limitation  markings,  are  the  responsibility  of  the  authoring  or  monitoring  DoD  activity 

Because  the  data  input  on  this  form  will  be  what  others  will  retrieve  from  DTIC's  bibliographic  data  base  or  may 
determine  how  the  document  can  be  accessed  by  future  users,  care  should  be  taken  to  have  the  form  completed  by 
knowledgeable  personnel.  For  better  communication  and  to  facilitate  more  complete  and  accurate  input  from  the 
originators  of  the  form  to  those  processing  the  data,  space  has  been  provided  in  Block  22  for  the  name,  telephone 
number,  and  office  symbol  of  the  DoO  person  responsible  for  the  input  cited  on  the  form. 

All  information  on  the  DD  Form  1473  should  be  typed. 

Only  information  appearing  on  or  in  the  report,  or  applying  specifically  to  the  report  in  hand,  should  be  reported. 
If  there  is  any  doubt,  the  block  should  be  left  blank. 

Some  of  the  information  on  the  forms  (e  g.,  title,  abstract)  will  be  machine  indexed.  The  terminology  used  should 
describe  the  content  of  the  report  or  identify  it  as  precisely  as  possible  for  future  identification  and  retrieval. 

NOTE:  Unclassified  abstracts  and  titles  describing  classified  documents  may  appear  separately  from  the  documents 
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The  Defense  Technical  Information  Center  (OTIC)  is  ready  to  offer  assistance  to  anyone  who  needs  and  requests  it. 

Call  Data  Base  Input  Division,  Autovon  284-7044  or  Commercial  (202)  274-7044 

SECURITY  CLASSIFICATION  OF  THE  FORM 

In  accordance  with  DoD  5200. 1-R,  Information  Security  Program  Regulation,  Chapter  IV  Section  2,  paragraph  4-200, 
classification  markings  are  to  be  stamped,  printed,  or  written  at  the  top  and  bottom  of  the  form  in  capital  letters  that 
are  larger  than  those  used  in  the  text  of  the  document.  See  also  DoD  5220  22-M,  Industrial  Security  Manual  for 
Safeguarding  Classified  Information,  Section  II,  paragraph  1 1a(2).  This  form  should  be  unclassified,  if  possible. 


SPECIFIC  BLOCKS 


Block  la  Report  Security  Classification:  Designate  the  highest 
security  classification  of  the  report  (See  DoD  5220  1-R,  Chapters  I,  IV, 
VII.  XI.  Appendix  A  ) 

Block  1b  Restricted  Marking:  Enter  the  restricted  marking  or 
warning  notice  of  the  report  (e  g  ,  CNWDI,  RD,  NATO) 

Block  2a  Security  Classification  Authority:  Enter  the 
commonly  used  markings  in  accordance  with  DoD  5200  1-R,  Chapter 
IV,  Section  4,  paragraph  4-400  and  4  402  Indicate  classification 
authority 

Block  2b  Declassification  /  Downgrading  Schedule:  Indicate 
specific  date  or  event  for  declassification  or  the  notation, 
"Originating  Agency  Determination  Required"  or  "OADR "  Also 
insert  (when  applicable)  downgrade  to 

on  _  (e  g  ,  Downgrade  to  Confidential  on  6  July 

1983T  (See  also  DoD  5220  22-M,  Industrial  Security  Manual  for 
Safeguarding  Classified  information.  Appendix  II ), 
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NOTC:  Entry  must  be  made  in  Blocks  2a  and  2b  except  when  the 


Block  3  Distribution/Availability  Statement  of  Report:  Insert  the 
statement  as  it  appears  on  the  report  If  a  limited  distribution 
statement  is  used,  the  reason  must  be  one  of  those  given  by  DoD 
Directive  5200  20.  Distribution  Statements  on  Technical  Documents, 
as  supplemented  by  the  18  OCT  1983  SECDEF  Memo,  "Control  of 
Unclassified  Technology  with  Military  Application  "  The  Distribution 
Statement  should  provide  for  the  broadest  distribution  possible 
within  limits  of  security  and  controlling  office  limitations 

Block  4  Performing  Organization  Report  Number(s):  Enter  the 
unique  alphanumeric  report  number(s)  assigned  by  the  organization 
originating  or  generating  the  report  from  its  research  and  whose 
name  appears  in  Block  6  These  numbers  should  be  in  accordance 
with  ANSI  STD  239  23-74,  "American  National  Standard  Technical 
Report  Number "  If  the  Performing  Organization  is  also  the 
Monitoring  Agency,  enter  the  report  number  in  Block  4 


Block  5  Monitoring  Organization  Report  Number(s):  Enter 
the  unique  alphanumeric  report  number(s)  assigned  by  the 
Monitoring  Agency  This  should  be  a  number  assigned  by  a  DoD 
or  other  government  agency  and  should  be  in  accordance  with 
ANSI  STD  239  23-74  If  the  Monitoring  Agency  is  the  same  as  the 
Performing  Organization,  enter  the  report  number  in  Block  4  and 
leave  Block  5  blank 

Block  6a  Name  of  Performing  Organization:  For  in-house 
reports,  enter  the  name  of  the  performing  activity  For  reports 
prepared  under  contract  or  grant,  enter  the  contractor  or  the 
grantee  who  generated  the  report  and  identify  the  appropriate 
corporate  division,  school,  laboratory,  etc  ,  of  the  author 


Block  6b  Office  Symbol:  Enter  the  office  symbol  of  the 
Performing  Organization 

Block  6c  Address:  Enter  the  address  of  the  Performing 
Organization.  List  city,  state,  and  ZIP  code 

Block  7a  Name  of  Monitoring  Organization:  This  is  the 
agency  responsible  for  administering  or  monitoring  a  project, 
contract,  or  grant  If  the  monitor  is  also  the  Performing 
Organization,  leave  Block  7a.  blank  In  the  case  of  joint 
sponsorship,  the  Monitoring  Organization  is  determined  by 
advance  agreement  It  can  be  either  an  office,  a  group,  or  a 
committee  representing  more  than  one  activity,  service,  or 
agency. 

Block  7b.  Address:  Enter  the  address  of  the  Monitoring 
Organization.  Include  city,  state,  and  ZIP  code 

Block  8a.  Name  of  Funding/Sponsoring  Organization: 
Enter  the  full  official  name  of  the  organization  under  whose 
immediate  funding  the  document  was  generated,  whether  the 
work  was  done  in-house  or  by  contract.  If  the  Monitoring 
Organization  is  the  same  as  the  Funding  Organization,  leave  8a 
blank. 

Block  8b  Office  Symbol:  Enter  the  office  symbol  of  the 
Funding/Sponsoring  Organization 

Block  Be  Address:  Enter  the  address  of  the  Funding/ 
Sponsoring  Organization  Include  city,  state  and  ZIP  code 
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Block  9  Procurement  Instrument  Identification  Number:  fora 
contractor  grantee  report,  enter  tni^  complete  contract  or  grant 
numbers)  under  which  the  work  was  accomplished  Leave  this  block 
blank  for  m-house  reports  \ 

Block  10  Source  of  funding  (Program  Element,  Proiect,  Task 
Area  and  Work  Unit  Number(s):  These  four'data  elements  relate  to 
the  DoD  budget  structure  and  providf  program  and/or 
administrative  identification  of  the  source  of  Support  for  the  work 
being  carried  on  Enter  the  program  element), project,  task  area, 
work  unit  accession  number,  or  their  equivalents  which  identify  the 
principal  source  of  funding  for  the  work  required  These  codes  may 
be  obtained  from  the  applicable  DoD  forms  such  a$  the  DO  Form 
1498  (Research  and  Technology  Work  Unit  Summary)  or  from  the 
fund  citation  of  the  funding  instrument  If  this  information  is  not 
available  to  the  authoring  activity,  these  blocks  should  be  filled  in  by 
the  responsible  DoD  Official  designated  in  Block  22  If  the  report  is 
funded  from  multiple  sources,  ident.fy  only  the  Program  Element 
and  the  Project,  Task  Area,  and  Work  Unit  Numbers  of  the  principal 
contributor 


Block  1 1 .  Title  Enter  the  title  m  Block  1 1  in  initial  capital  letters 
exactly  as  it  appears  on  the  report  Titles  on  all  classified  reports, 
whether  classified  or  unclassified,  must  be  immediately  followed  by 
the  security  classification  of  the  title  enclosed  in  parentheses  A 
report  with  a  classified  title  should  be  provided  with  an  unclassified 
version  if  it  is  possible  to  do  so  without  changing  the  meaning  or 
obscuring  the  contents  of  the  report  Use  specific,  meaningful  words 
that  describe  thp  content  of  the  report  so  that  when  the  title  is 
machine-indexed,  the  words  will  contribute  useful  retrieval  terms 


If  the  report  is  in  a  foreign  language  and  the  title  is  given  in 
both  English  and  a  foreign  lanquaje,  list  the  foreign  language  title 
first,  followed  by  the  English  title  enclosed  in  parentheses  If  part  of 
the  text  is  in  English,  list  the  English  title  first  followed  by  the  foreign 
language  title  enclosed  in  parentheses  If  the  title  is  given  in  more 
than  one  foreign  language,  use  a  title  that  reflects  the  language  of 
the  text  if  both  the  text  and  titles  are  in  a  foreign  language,  the 
title  should  be  translated,  if  possible,  unless  the  title  is  also  the  name 
of  a  foreign  periodical  Transliterations  of  often  used  foreign 
alphabets  (see  Appendix  A  of  MIL-STD-847B)  are  available  from  OTIC 
in  document  AD-A080  800 


Block  12.  Personal  Author(s)'  Give  the  complete  name(s)  of  the 
author(s)  in  this  order:  last  name,  first  name,  and  middle  name  In 
addition,  list  the  affiliation  of  the  authors  if  it  differs  from  that  of 
the  performing  organization 


List  all  authors.  If  the  document  is  a  compilation  of  papers,  it 
may  be  more  useful  to  list  the  authors  with  the  titles  of  their  papers 
as  a  contents  note  in  the  abstract  in  Block  19  If  appropriate,  the 
names  of  editors  and  compilers  may  be  entered  in  this  block 


Block  13a  Type  of  Report:  indicate  whether  the  report  is 
summary,  final,  annual,  progress,  interim,  etc 


Block  13b  Time  Covered:  Enter  the  inclusive  dates  (year, 
month,  day)  of  the  period  covered,  such  as  the  life  of  a  contract  in  a 
final  contractor  report 


Block  14  Date  of  Report:  Enter  the  year,  month,  and  day,  or 
the  year  and  the  month  the  report  was  issued  as  shown  on  the  cover 


Block  15.  Page  Count:  Enter  the  total  number  of  pages  m  the 
report  that  contain  information,  including  cover,  preface,  table  of 
contents,  distribution  lists,  partial  pages,  etc  A  chart  m  the  body  of 
the  report  is  counted  even  if  it  is  unnumbered 


Block  1$  Supplementary  Notation:  Enter  useful  information 
about  the  report  in  hand,  such  as:  "Prepared  in  cooperation 
with  "Translation  at  (or  by)  ,"  "Symposium  ,"  if  there  are 
report  numbers  for  the  report  which  are  not  noted  elsewhere  on  the 
form  (such  as  internal  series  numbers  or  participating  organization 
report  numbers)  enter  in  this  block 


Block  17.  COSATl  Codes  This  block  provides  the  subject 
coverage  of  the  report  for  announcement  and  distribution 
purposes  The  categories  are  to  be  taken  from  the  ’COSATl 
Subject  Category  List"  (DoD  Modified),  Oct  65,  AD-624  000  A 
copy  is  available  on  request  to  any  organization  generating 
reports  for  DoD  At  least  one  entry  is  required  as  follows 

Field  to  indicate  subject  coverage  of  report 

Group  to  indicate  greater  subject  specificity  of  information 
in  the  report 

Sub-Group  -  if  specificity  greater  than  that  shown  by  Group 
is  required,  use  further  designation  as  the  numbers  after  the 
period  (.)  m  the  Group  breakdown  Use  only  the  designation 
provided  by  AD-624  000 

Example:  The  subject  "Solid  Rocket  Motors"  is  Field  21, 
Group  08.  Subgroup  2  (page  32.  AD-624  000) 

Block  18.  Subject  Terms:  These  may  be  descriptors, 
keywords,  posting  terms,  identifiers,  open-ended  terms,  subject 
headings,  acronyms,  code  words,  or  any  words  or  phrases  that 
identify  the  principal  subjects  covered  in  the  report,  and  that 
conform  to  standard  terminology  and  are  exact  enough  to  be 
used  as  subject  index  entries  Certain  acronyms  or  "buzz  words" 
may  be  used  if  they  are  recognized  by  specialists  m  the  field  and 
have  a  potential  for  becoming  accepted  terms  "Laser"  and 
"Reverse  Osmosis"  were  once  such  terms 

If  possible,  this  set  of  terms  should  be  selected  so  that  the 
terms  individually  and  as  a  group  will  remain  UNCLASSIFIED 
without  losing  meaning  However,  priority  must  be  given  to 
specifying  proper  subject  terms  rather  than  making  the  set  of 
terms  appear  "UNCLASSIFIED  "  Each  term  on  classified  reports 
must  be  immediately  followed  by  its  security  classification, 
enclosed  in  parentheses 

For  reference  on  standard  terminology  the  "DTIC  Retrieval 
and  Indexing  Terminology"  DRIT-1979,  AD-A068  500.  and  the 
DoD  "Thesaurus  of  Engineering  and  Scientific  Terms  (TEST)  1968, 
AD-672  000,  may  be  useful 

Block  19  Abstract:  The  abstract  should  be  a  pithy,  brief 
(preferably  not  to  exceed  300  words),  factual  summary  of  the 
most  significant  information  contained  in  the  report  However, 
since  the  abstract  may  be  machine-searched,  all  specific  and 
meaningful  words  and  phrases  which  express  the  subject  content 
of  the  report  should  be  included,  even  if  the  word  limit  is 
exceeded 

If  possible,  the  abstract  of  a  classified  report  should  be 
unclassified  and  consist  of  publicly  releasable  information 
(Unlimited),  but  in  no  instance  should  the  report  content 
description  be  sacrificed  for  the  security  classification 

NOTE:  An  undafsified  abstract  describing  a  classified 
document  may  appear  separately  from  the  document 
in  an  unclassified  context  e.q..  in  DflC  announcement 
ck  bibliographic  products.  This  must  be  considered  in 
the  preparation  and  marking  of  unclassified  abstracts. 

For  further  information  on  preparing  abstracts,  employing 
scientific  symbols,  verbalizing,  etc,  see  paragraphs  2  1  (n )  and 
2.3(b)  in  MIL-STD-847B 

Block  20,  Distribution  /  Availability  of  Abstract  This  block 
must  be  completed  for  all  reports  Check  the  applicable 
statement:  "unclassified  /  unlimited,"  "same  as  report."  or,  if  the 
report  is  available  to  DTIC  registered  users  "DTIC  users  " 

Block  21,  Abstract  Security  Classification  To  ensure  proper 
safeguarding  of  information,  this  block  must  be  completed  for  all 
reports  to  designate  the  classification  level  of  the  entire  abstract 
For  CLASSIFIED  abstracts,  each  paragraph  must  be  preceded  by  its 
security  classification  code  m  parentheses 

Block  22a,b.c  Name.  Telephone  and  Office  Symbol  of 
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Studies  completed  during  contract  year  07  were  aimed  at  defining: 
a)  the  role  of  the  carotid  bodies  in  ventilatory  acclimatization  to 
chronic  hypoxia  of  varying  severity;  b)  the  effects  of  acute  or  chronic 
hypoxia  on  respiratory  muscle  metabolism;  c)  the  effect  of  changes  in 
pulmonary  mechanics  on  periodic  breathing  during  sleep  in  hypoxia;  and 
d)  the  effects  of  heavy  exercise — in  normoxia  and  hypoxia — on  chest  wall 
mechanics  and  (in  turn)  on  the  control  of  ventilation  and  gas  exchange 
(in  humans) .  In  general  we  made  satisfactory  progress  in  this  the 
initial  year  of  the  contract.  The  animal  studies  concerned  with  chronic 
hypoxia  (goats)  and  muscle  metabolism  (rats)  are  now  complete;  one  human 
study  concerned  with  exercise  is  complete  and  most  of  the  methods  are  in 
place  or  nearly  so  for  the  remaining  human  studies;  and  the  human 
studies  of  periodic  breathing  in  hypoxic  sleep  are  underway. 

Brief  Summary  of  Progress  to  Date 

Aim  1:  The  Role  of  the  carotid  bodies  in  ventilatory  acclimatization  to 
chronic  hypoxia  of  varying  severity. 

Ne  studied  Intact  and  carotid  body  denervated  goats  at  two  levels 
of  severity  of  acute  and  chronic  hypoxia.  A  preliminary  report  has  been 
given  of  the  data  at  the  1984  American  Physiological  Society  fall 
meeting  (Smith,  et  al,  1984).  We  carefully  documented  the  completeness 
of  carotid  body  denervation  (CBX)  through  the  use  of  acute  hypoxia, 
hyperoxla,  Na  Cyanide  and  dopamine  and  accepted  only  those  animals  who 
showed  consistent  responses — or  a  lack  of  response— to  all  of  the 


criteria.  Initial  and  CBX  animals  were  exposed  to  identical  levels  of 
arterial  hypoxemia — PaO,.  40-45  mmHg  or  PaO^  28-35  mmHg,  the  latter 
severe  level  being  chosen  because  it  would  cause  cerebral  metabolic 
acidosis  (as  we  had  previously  shown  in  rats) .  The  essential  data  in 
the  study  is  shown  in  Fig.  1  and  2— clearly  carotid  bodies  were 
essential  to  achieve  a  significant  ventilatory  acclimatization  to 
hypoxia — indeed  to  achieve  any  ventilatory  response  to  acute  or  chronic 
hypoxia  of  any  severity.  Also  note  the  marked  differences  in  response 
to  acute  reoxygenation  in  the  Intact  vs  denervated  animal.  These  data 
also  suggest  that  cerebral  metabolic  acidosis  perse — at  least  that 
produced  by  hypoxia — does  not  stimulate  ventilation.  These 
comprehensive  data  provide  strong  support  for  the  earlier  data  of 
Forster  and  Bisgard  that  CBX  prevents  ventilatory  acclimatization  to 
chronic  hypoxia.  We  have  no  obvious  explanation  for  the  conflicting 
data  of  Steinbrook  et  al  (1983)  on  this  topic. 

Aim  2 — Does  acute  or  chronic  hypoxia  effect  respiratory  muscle 
metabolism? 

We  used  rats  exposed  for  3  weeks  to  6600  m  altitude.  The  animals 
showed  a  marked  and  sustained  hyperventilation  in  this  severe  hypoxia; 
but  showed  no  significant  change  in  mitochondrial  enzymes  (citrate 
synthase  activity)  in  their  limb  skeletal  muscle  or  in  their  diaphragms. 
Analagous  to  this  negative  effect  of  chronic  hypoxia  we  also  showed  no 
effect  of  chronic  physical  training  on  aerobic  capacity  of  the 
diaphragm.  During  very  heavy  exercise  we  showed  that  the  rat's 
diaphragm  showed  no  significant  glycogen  depletion  or  lactate 
production,  at  the  same  time  that  leg  locomotor  muscles  were  showing 
marked  anaerobic  glycolysis.  Thus — enzymatlcally-the  diaphragm  seems  to 


be  much  more  like  cardiac  muscle  than  it  does  like  limb  locomotor 
muscle.  However  if  the  respiratory  muscles  are  really  "loaded"  by  the 
condition  of  heavy  prolonged  exercise  in  acute  hypoxia  (4300  m  or  PaO^ 
40-50  mmHg)  we  did  see  a  clear  glycogen  depletion.  The  Inference  here 
is  that  this  combination  of  exercise  in  hypoxia  might  well  produce 
respiratory  muscle  fatigue — and  we  will  follow  up  on  this  possibility  in 
the  exercising  human.  These  rat  data  were  presented  at  FASEB  (Fregosi 
and  Dempsey,  1984)  and  the  first  study  concerned  with  acid-base  status 
in  exercising  rats  was  recently  published  (Fregosi  and  Dempsey  1984). 
Aime  3 — What  is  the  effect  of  changes  in  pulmonary  mechanics  on  periodic 
breathing  during  sleep  in  hypoxia  in  humans. 

These  studies  have  just  begun.  The  methods  for  measuring  EMG  of 
the  diaphragm  and  lung  and  chest  wall  mechanics  during  sleep  have  been 
completed  and  two  sleep  studies  have  been  completed.  Thus  far  the  data 
show  that  the  development  of  periodic  breathing  in  hypoxic  sleep  also 
causes  substantial  narrowing  of  the  upper  (extra-thoracic) 
airway — perhaps  leading  to  obstructive  sleep  apnea.  Most  of  the  data 
from  our  studies  which  led  to  the  current  sleep  studies  have  now  been 
published  (Bersenbrugge  et  al,  1983,  '84,  '84;  Dempsey  et  al,  1984). 

Aim  4 — What  are  the  effects  of  heavy  exercise — in  normoxla  and 
hypoxia — on  chest  wall  mechanics  and  (in  turn)  on  the  control  of 
ventilation  and  gas  exchange  (in  humans). 

Three  studies — one  complete  and  the  other  two  ongoing~are  directed 
at  this  question. 

(a)  First,  we  determined  that  a  significant  "impedance"  to  air-flow 
did  Indeed  exist  during  moderate  and  heavy  exercise.  Further,  by  using 
transient  responses  of  diaphragmatic  EMG  and  trans-dlaphragmatlc 


pressure  (Pdi)  to  changes  in  inspired  gas  density  (i.e. ,  loading  and 
"unloading")  we  showed  that  this  impedance  encountered  during  the 
physiologic  state  of  air-breathing  exercise  caused  a  significant 
augmentation  of  inspiratory  neural  drive  and  presented  a  significant 
inhibition  to  exercise  hyperpnea.  Indeed,  if  this  "extra"  mechanical 
impedance  was  not  present  (as  in  He:02  breathing),  inspiratory  flow  rate 
increased  one  for  one  with  increasing  neural  drive  during  progressive 
exercise  and  hypocapnia — rather  than  iso-capnia —  prevailed.  These  data 
have  been  presented  at  FASEB  and  are  currently  undergoing  review 
(Hussain,  Pardy  and  Dempsey,  1984). 

(b)  We  are  currently  about  3/4  of  the  way  through  a  study  to 
determine  the  effect  of  "chest  wall  mechanics"  on  endurance  exercise 
performance.  To  this  end  we  are  comparing  the  effects  of  air  vs.  He:02 
vs  hyperoxia  on  endurance  exercise  time  and  on  ventilatory  muscle 
endurance  in  highly  trained  young  males.  Hypoxia  will  eventually  be 
added  to  this  protocol. 

(c)  We  are  just  underway  with  a  study  of  respiratory  muscle 
recruitment  patterns  during  exercise  with  special  attention  to  the 
importance  of  abdominal  (expiratory)  muscle  recruitment  to  the 
generation  of  pressure  for  the  subsequent  inspiration.  We  expect  this 
type  of  recruitment  to  be  especially  critical  to  ventilatory 
control — and  to  the  avoidance  of  diaphragmatic  fatigue — in  hypoxic 
exercise.  Huch  of  our  exercise  data  supported  by  previous  years 
contracts  and  this  year's  contract  are  now  published  or  in  press 
(Dempsey  et  al.,  J  Physiol,  1984;  Dempsey  and  Fregosi,  1984;  Dempsey, 
Vldruk  and  Mitchell,  1984). 


Publications  supported  all  or  In  part  by  Contract  No.  DAMP  17-82-C-2259. 
Contract  Year  07  (Dec.  1983  -  Nov.  5,  1984). 
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HOURS  OF  HYPOXIA 


Changes  in  arterial  PCO2  during  hypoxic  exposure  in  intact  and 
denervated  goats.  *  signifies  P<.01  change  from  sea-level 
control.  See  legend  in  Fig.  1  for  symbols. 


Hypoxia 


Military  Significance 

Our  contract  work  is  aimed  at  a  better  understanding  of  two 
physiological  problems  occurring  in  hypoxic  environments  which  clearly 
affect  the  well-being  and  performance  capabilities  of  the  human 
sojourner  at  high  altitudes.  These  problems  are  periodic  breathing 
during  sleep  leading  to  loss  of  quality  sleep  and  the  resulting  daytime 
hypersomnalence  and  fatigue;  and  the  regulation  of  the  ventilatory 
response  and  pulmonary  gas  exchange  during  exercise  in  hypoxia  which  are 
key  determinants  of  exercise  performance. 

Our  work  on  periodic  breathing  during  hypoxic  sleep  provides  the 
first  comprehensive,  quantitative  description  of  this  problem  and 
provides  the  first  definitive  evidence  detailing  the  major  causes  of 
periodicity  and  the  reasons  behind  the  beneficial  effects  of  acute  0_ 
administration.  Further,  our  more  recent  data  suggests  that  1 

acclimatization  over  a  matter  of  a  few  days  at  high  altitude  may  greatly 
alleviate  periodic  breathing  during  sleep.  However,  this  remains  a 
highly  individual  characteristic  which  we  were  unable  to  predict  from 
available  measurements.  Indeed,  the  test  of  acute  hypoxic  ventilatory 
response — which  is  commonly  used  as  a  predictor  of  many  facets  of 
acclimatization — had  no  predictive  value  at  all  for  the  occurrence  or 
severity  of  periodic  breathing  in  hypoxic  sleep. 

Exercise  capacity  as  determined  by  the  pulmonary  system  in  hypoxia 
and  the  debilitating  symptoms  of  dyspnea  which  accompany  exercise  in 
hypoxia  have  been  the  subject  of  our  investigations.  Our  work  has 
detailed  the  critical  limitations  to  oxygen  transport  presented  by  the 
failure  of  the  lung's  gas  exchange  and  ventilatory  control  system  and 
chest  wall  mechanics  to  respond  adequately  and/or  efficiently  to  heavy 
work  in  hypoxic  environments.  Further,  the  baseline  work  in  normoxic 
environments  clearly  shows  the  susceptibility  of  some  highly  fit 
individuals  to  these  problems  during  exercise,  thereby  providing  a  basis 
for  prediction  of  problems  with  high  altitude  exercise  from  measurements 
made  at  sea-level.  We  also  showed  the  simple  use  of  exercise  tests  in 
acute  hypoxia — even  using  non-invasive  measurements  of  arterial  0 
saturation — should  provide  excellent  prediction  of  gas  exchange 
"failure"  at  high  altitudes.  Our  recent  findings  also  strongly 
implicate  a  highly  significant  role  for  pulmonary  and  chest  wall 
mechanics  in  the  regulation  of  ventilation— and  thus  of  gas 
exchange — during  exercise — especially  hypoxic  exercise.  We  would 
predict  with  some  confidence  that  the  sea-level  native  with  even  "mild," 
asymptomatic  airway  disease  (such  as  that  due  to  chronic  cigarette 
smoking  or  the  mostly  reversible  airway  disease  of  the  otherwise  healthy 
asthmatic)  will  have  substantial  problems  in  maintaining  arterial 
oxygenation  and/or  avoiding  extreme  dyspnea  during  exercise  at  even  mild 
elevations  in  altitude. 

Facilities  and  Personnel 


No  changes  were  made  in  the  past  year. 


